Purpose To investigate the risk factors associated with work-related allergy-like symptoms in medical doctors. Methods Self-administered questionnaire survey and CAP test were conducted among medical school students in the 4th grade of their 6-year medical course in 1993-1996 and 1999-2001. Follow-up questionnaires were sent in 2004 to the graduates. These questionnaires enquired into personal and family history of allergic diseases, lifestyle, history of allergy-like symptoms including work-relatedness and occupational history as medical doctors. Relationships between allergy-like symptoms and relevant factors were evaluated by multivariate logistic regression analysis.
Introduction
Work-related allergy is one of the important occupational health problems among medical doctors. At present, about 287,000 doctors work in Japan. The number of doctors per hundred thousand of the population in Japan is ranked low compared to other OECD member countries, and Japanese medical doctors must work excessively long hours. Decline of work eYciency and of QOL caused by work-related allergies is not only a personal problem but can also coNSntribute a substantially to loss of human resources for community health.
Allergic diseases have been increasing and are prevalent worldwide especially among children and young adults (Pearce et al. 1993; Ng and Tan 1994; Lundbäck 1998; Devereux 2006; Norbäck et al. 2007 ). On the other hand, the increase has reached a plateau in some developed countries (Ronchetti et al. 2001; Zöllner et al. 2005) . However, allergic diseases are common and represent a considerable global health problem at present.
Health care workers are occupationally exposed to many chemical and organic substances causing allergic diseases in the hospitals, clinics, and laboratories (Pechter et al. 2005; Delclos et al. 2007 ). For the last few decades, latex allergy have been a major occupational health concern in the hospital environment (Lagier et al. 1992; Vandenplas et al. 1995; Crippa and Pasolini 1997; Liss et al. 1997; Leung et al. 1997; Larese Firon et al. 2001; Nettis et al. 2002; Verna et al. 2003; Filon and Radman 2006) . In addition, chemical substances like disinfectants, aerosolised medications, adhesive solvents, and cleaning products have been identiWed as risk factors associated with allergy among nurses, nursing-related professionals (Mirabelli et al. 2007; Arif et al. 2009) , and health care workers including medical doctors (Delclos et al. 2007 ). Workrelated allergies among health care workers may bring about not only decline in work eYciency and QOL, but also serious adverse consequences to the aVected workers (Kujala et al. 1997) . Personal history of allergic diseases is also known to be associated with an increase in work-related allergies (Fuortes et al. 1996; Sato et al. 2004; Filon and Radman 2006) .
Despite the great variety of allergens in hospital and laboratory environments, as far as we know, there are few such studies on medical students' (Taylor and Broom 1981; Ogino et al. 1990; Leggat and Smith 2007) , and work-related allergies among medical doctors are usually reported along with hospital workers. In Japan, to our knowledge, there had been no epidemiological study describing work-related allergies in the hospital environment until our 2004 study. This study (Sato et al. 2004 ) focused on the risk factors for work-related allergies among 895 doctors, using a cross-sectional mail questionnaire survey to demonstrate that personal history of allergic diseases and the profession as surgical doctors were signiWcantly associated with work-related allergy.
The present study, ranging from 1993 to 2004, aimed to investigate predictive risk factors for work-related allergy, by conducting both a baseline questionnaire survey for medical students and a follow-up questionnaire survey for graduates, along with baseline CAP test.
Methods and subjects

Questionnaire
The self-administered questionnaire consisted of items based on the International Study of Asthma and Allergies in Childhood (ISAAC) questionnaire (ISAAC Co-ordinating Committee 1992) and our original items. The baseline and follow-up questionnaire used in our study are provided in the Appendix.
Baseline questionnaire items
Our questionnaire items included demographic information; physician-diagnosed personal history and family history of allergic diseases, including bronchial asthma (BA), allergic rhinitis and/or pollen allergy (AR/PA), sinusitis, eczema, urticaria, allergic conjunctivitis (AC), and atopic dermatitis (AD); and height and weight. In addition, we documented lifestyle, including smoking status, living environment before undertaking medical study, physical activity, eating habits, and hobbies as well as history of allergy-like symptoms. Questions on the history of allergylike symptoms were divided into four subsections: respiratory symptoms including wheezing and whistling, i.e. BA-like symptoms; dermal symptoms including reddish skin, itching, and oozing, i.e. AD, eczema, or urticaria-like symptoms; nasal symptoms including sneezing, nasal discharge, and nasal obstruction, i.e. AR/PA-like symptoms; and ocular symptoms including eye itching, reddish eyes, and watery eyes, i.e. AC or PA-like symptoms. Each subsection comprised a core question on the allergy-like symptom experienced ever and a series of branch questions on the age of Wrst attack, changes in symptom severity, and season/months in which the symptoms most frequently appeared. Respiratory allergy-like symptoms, dermal allergy-like symptoms, nasal allergy-like symptoms, and ocular allergy-like symptoms were deWned as presence if the core questions (VI.1.a, VI.2.a, VI.3.a, and VI.4.a, refer to appendix) were responded 'yes.' In addition, eczema caused by rubber gloves, metallic accessories, and cosmetics was documented and the respondents who replied 'yes' toward this were also considered to be the subjects with dermal symptoms.
Follow-up questionnaire items
This questionnaire consisted of demographic information, smoking status, history of allergy-like symptoms, and occupational history as a medical doctor. Similar to the baseline study, questions on the history of allergy-like symptoms were divided into four subsections. Each subsection consisted of a core question on the allergy-like symptom experienced ever and a series of branch questions. Respiratory allergy-like symptoms, dermal allergy-like symptoms, nasal allergy-like symptoms, and ocular allergy-like symptoms were deWned as presence if the core questions (II.1.a, II.2.a, II.3.a, and II.4.a, refer to appendix) were responded 'yes.' The branch questions concerned changes in symptom severity after graduation, whether the symptoms seemed to be work-related, and appearance of the symptoms by workrelated items (chemical substances, medical tools, and medical materials), laboratory animals, and other causes which were not work-related. Occupational history as a medical doctor was asked in open-ended style. Work-related symptoms were deWned based on the literature by one of the present authors (Kusaka et al. 1986 ). It was considered to be work-related if the symptoms appeared in the workplace and decreased or disappeared at home, the symptoms appeared on the days on duty (e.g. weekdays) and decreased or disappeared during the days oV duty (e.g. weekends and holidays), and the symptoms disappeared after a change of the workplace or profession.
Serological test
Each April, from 1993 to 1996 and from 1999 to 2001, we conducted serological tests for the respondents of our baseline questionnaire. SpeciWc IgE antibodies to mites (Anti-Dermatophagoides) and Japanese cedar (Anti-Cryptomeria pollen) in the blood serum were measured by CAP System. Results were given in kU/l and subdivided into classes from zero to six. According to the literature (Pastorello et al. 1992; San Martín Ciges et al. 1998; Cantani 2008) , CAP Class 0 is absent or undetectable (<0.35 kU/l), but the Class 1 is slightly elevated in terms of kU/l (¸0.35 and <0.70 kU/l); Class 1 was accurate threshold for atopy. Therefore, CAP Class ¸1 was used as positive in the current study.
Study population
Baseline self-administered questionnaire survey and CAP test were performed on all 4th grade medical students enrolled at the School of Medicine, University of Fukui in every April from 1993 to 1996 and from 1999 to 2001. CAP test was conducted on the blood of the respondents to our baseline questionnaire. In total, of the 702 subjects, 548 (78.1%, 352 men and 196 women) Wlled in the questionnaire. Of the 548 respondents, age was distributed 21-40 years and mean age § SD was 23.2 § 2.9. Current smokers were 86 (24.4%) for men and 9 (4.6%) for women, lower than results of The National Health and Nutrition Survey in Japan (Ministry of Health, Labour and Welfare of Japan, 2003) for Japanese general population of 20-29 years (55.8% for men and 19.0% for women). Of the 548 subjects who responded to the baseline questionnaire, 415 (75.7%, 263 men and 152 women) had CAP test.
We compared the characteristics between participants and non-participants for the CAP test. With respect to gender, age, personal history of allergic diseases, and smoking status, there were no signiWcant diVerences between both groups.
In May 2004, the follow-up questionnaires were sent by post to 548 subjects who had answered our baseline questionnaire. Based on the mail survey implementation procedure (Dillman 2000) , an initial 'warm contact' letter and a business reply envelope were attached to a hard copy questionnaire. If necessary, next replacement questionnaire and a Wnal reminder letter were subsequently sent over the next 4-8 weeks. Finally, 263/548 (48.0%) were Wlled in and returned to us. Having excluded the respondents who had failed on the National Examination for Medical Practitioners, we evaluated 261 eligible respondents (47.6%, 162 men and 99 women, aged 24-44 years).
The response rates to follow-up questionnaire did not diVer greatly (mean § SD was 37.5 § 6.7%) among all students in each year's baseline questionnaire surveys. We compared the characteristics between respondents and nonrespondents to the follow-up study. With respect to gender, age, and personal history of allergic diseases, there were no signiWcant diVerences between respondent and non-respondent group. Percentage of current or ex-smoker were signiWcantly higher (p = 0.006) among non-respondents (29.3%) than respondents (19.2%). We also compared the characteristics between participants and non-participants for the CAP test among 261 eligible respondents for the follow-up survey and could not Wnd out signiWcant diVerences between both groups.
Ethics
Our study was conducted in accordance with the ethical approval from the Administrative Students Committee formed by educational staV and the Graduates' Association of the School of Medicine, University of Fukui, since ethics committee or institutional review board for ethics (IRB) was under reorganisation at the time in our university. Written informed consent was obtained before taking blood samples. The collected data were anonymised and kept securely to ensure personal data conWdentiality.
Statistical analysis
The study variables were dichotomised for convenience: smoking status (never smoked and current or ex-smoker), frequency of prepared foods consumption (less than 3 times a week and more than 4 times a week). Profession of medical doctors was Wrstly classiWed into 16 categories listed below, based on current and/or longest-held job obtained from self-reported occupational history, then dichotomised into surgical (orthopaedics, surgery, neurosurgery, ophthalmology, anaesthesiology, urology, otorhinolaryngology, obstetrics and gynaecology, and emergency medicine) and non-surgical (internal medicine, radiology, paediatrics, dermatology, psychiatry, basic medicine, and doctorin-training).
Pearson's chi-square test was used to evaluate the associations between dichotomous variables. When an overall total of the contingency table was less than 20, or the overall total was between 20 and 40 and the smallest expectation was less than Wve, we followed the recommendation about minimum expectations (Cochran 1954; Kirkwood and Sterne 2003) , Fisher's exact test was used.
Univariate and multivariate logistic regression analysis were used to calculate crude and adjusted odds ratios (ORs). To meet the requirement that the number of outcomes per explanatory variables into the multivariate logistic regression models should be 10 or greater (Harrell et al. 1985; Peduzzi et al. 1996) , with the exception of gender and age which were included in all models, we excluded the explanatory variables whose univariate p values were greater than 0.250; thereafter, we also performed further selection of variables. Multicollinearity was evaluated by variance-covariance matrix. Multivariate logistic regression analysis was conducted with a backward elimination procedure at the p = 0.10 signiWcance level for removal from the model or a forward entry procedure based on maximum likelihood ratio. Adjusted OR and its 95% conWdence interval (95% CI) were calculated. Goodness of Wt was assessed by the Hosmer-Lemeshow test. The level of statistical signiWcance was set at 0.05 for all calculations. The statistical software package SPSS version 16.0 J for Windows (SPSS Inc., Chicago, IL, USA) was used to perform the analysis.
Results
Characteristics of respondents
Of the 261 respondents, age ranged from 24 to 44 years and mean age § SD was 30.3 § 3.5. Current and ex-smoker were 21 (12.9%) and 29 (17.8%) for men and 4 (4.1%) and 4 (4.1%) for women, respectively. Overall, 73 (28.2%) were for surgical and 119 (45.9%) were for the internal medicine profession, 2 (0.8%) were for basic medicine, and 65 (25.1%) were for doctors-in-training. Of the 261 subjects who responded to the follow-up questionnaire, 215 (82.4%, 133 men and 82 women) had participated serological test at baseline. The subjects with CAP positive were 113/215 (52.6%) and 113/215 (52.6%) for mites and Japanese cedar, respectively, and both were strongly associated with each other (p < 0.001). Characteristics of respondents to the follow-up questionnaire are summarised in Table 1 . CAP positivity and employment in the surgical profession were signiWcantly associated with work-related allergy-like symptoms, by chi-square test.
Risk factors for baseline CAP positivity for mites and cedar Multivariate logistic regression analyses conducted among eligible 210 follow-up subjects (Tables were not shown) . CAP positivity for mites had a signiWcant positive association with living in residential zone before becoming a medical student. CAP positivity for Japanese cedar was signiWcantly associated with a family history of AR/PA and frequent consumption of prepared food at baseline study. Age, gender, and keeping domestic animals were not signiWcant for speciWc IgE against house dust mites and cedar.
Causes of work-related allergy-like symptoms As listed in Table 2 , major causes of work-related allergylike symptoms in the working environment reported by respondents themselves were surgical gloves including latex gloves, powder of latex gloves, laboratory animals, and chemical substances, e.g. chlorhexidine gluconate solution, benzalkonium chloride, and povidone-iodine.
Distribution of the subjects
The proportion of medical doctors who answered 'yes' for history of allergy-like symptoms by work relation and those for work-related allergy-like symptoms by total work duration are summarised in Tables 3 and 4 , respectively. The frequency of work-related respiratory symptoms was low among our study subjects and the symptoms appeared as long as 66 months after exposure. On the other hand, the work-related dermal symptoms were the most frequent among work-related allergy-like symptoms and were present after even short work duration of 2-3 months. Figure 1 schematically displays the distribution of follow-up subjects grouped by the presence or absence of any type of allergy-like symptoms and any type of work-related allergy-like symptoms, and changes in these symptoms' severity after graduation. Of 261 respondents of the followup study, 122 (46.7%) had no history of allergy-like symptoms, whether work-related or not, 85 (32.6%) only had history of allergy-like symptoms that were not workrelated, and 54 (20.7%) had a history of any types of workrelated allergy-like symptoms. Among 54 work-related symptoms, with three respondents who had not Wlled in all questionnaire items excluded, 21/51 (41.2%) were newly emerged and 14/51 (27.5%) worsened after graduation. Whereas among 85 having allergic symptoms not workrelated, with three respondents who had not Wlled in all questionnaire items excluded, 54/82 (65.9%) had symptoms unchanged and 10/82 (12.2%) had remission of symptoms or none after graduation. Figure 2 shows the number of respondents with and without a history of work-related allergy-like symptoms grouped by the follow-up period after graduation; since new recruitment of subjects for the baseline study was not conducted in 1997 and 1998, the number of respondents to follow-up questionnaire was few as to the corresponding follow-up period, 4 and 5 years. The percentage of work-related allergy-like symptoms rose within the Wrst 2-3 years of their career and reached a plateau after that; respondents with a history of work-related allergy-like symptoms were 10.9% among medical doctors at 6 months follow-up and were up to 25.8%, virtually a plateau, among the 18-month follow-up population.
Risk factors for allergy-like symptoms and work-related allergy-like symptoms
The association between history of any allergy-like symptoms at follow-up for relevant baseline and follow-up items was evaluated by univariate and multivariate logistic regression analysis with a backward elimination procedure based on maximum likelihood ratio. Excluding 62 respondents, who inconsistently answered 'yes' at baseline but 'no' at follow-up to the same question on history of any allergy-like symptoms and anyone with missing values for the explanatory variables, we analysed 186 respondents. The crude and adjusted ORs and p value are shown in Table 5 . The association between history of any work-related allergy-like symptoms for relevant baseline and follow-up items was evaluated in the same way. The analysis results for 153 respondents are shown in Table 6 . Table 7 summarises the descriptive statistics on the two groups of respondents for analysis and for exclusion in the multivariate logistic regression analysis for work-related allergy-like symptoms. Compared with the analysis group, the exclusion group had signiWcantly more frequent consumption of prepared foods (p = 0.035). There were no signiWcant diVerences between two groups with respect to gender, age, personal history of atopy (BA, AR/PA, or AD), or smoking status.
Discussion
The goal of this study was to assess the risk factors associated with work-related allergy-like symptoms in medical doctors and supplied three major Wndings.
Firstly, we found prevalence of work-related allergy-like symptoms among doctors; 54 (20.7%) of 261 doctors experienced any work-related allergy-like symptoms, workrelated respiratory allergy-like symptom was very few in the number, and work-related dermal allergy-like symptoms represented the vast majority of all types of workrelated symptoms. Some cases of work-related dermal symptoms, e.g. caused by hand washing in the operating theatre, from ethanol, povidone-iodine, surgical gloves, and powder of latex gloves, may be considered to be not allergy but irritation. Even if the prevalence of work-related dermal Fig. 1 Distribution of follow-up subjects grouped by the presence or absence of any type of allergy-like symptoms and any type of workrelated allergy-like symptoms and changes in these symptoms' severity after graduation. The number of subjects for each group is denoted in the square. a absence of any type of allergy-like symptoms at followup study b presence of any type of allergy-like symptoms at follow-up study c absence of any type of allergy-like symptoms at baseline study d presence of any type of allergy-like symptoms at baseline study e absence of any type of work-related allergy-like symptoms at followup study f presence of any type of work-related allergy-like symptoms at follow-up study Newly emerged 9
Not determined 3 allergy-like symptoms may be overestimated for this reason, dermal symptoms would still be the most frequent type among work-related symptoms. The prevalence of workrelated respiratory allergy-like symptoms was the lowest among all types and the major cause being exposure to laboratory animal. All doctors with these symptoms were observed in the respondents' group after more than 5 years work. In addition, while nasal and ocular allergy-like symptoms without work-relatedness were frequently observed among all types of allergy-like symptoms in our study; these work-related types were not as frequent as the workrelated dermal type. Since environmental pollen allergy and common rhinitis are usually seen in Japan, these may overlap the doctors' work-related nasal and ocular allergy-like symptoms. Or, as reported about occupational allergies developing after 2-3 years of exposure to laboratory animals Table 5 Odds ratios for any allergy-like symptoms at follow-up of gender and family history of allergic diseases at baseline a Adjusted for gender, family history of allergic diseases, and lifestyle at baseline study, and age at follow-up study Table 6 Odds ratios for any work-related allergy-like symptoms of personal history of allergic diseases, domestic animals, prepared foods consumption, eczema induced by common chemicals, and occupational history in medical doctors a Adjusted for gender, personal history of allergic diseases, and lifestyle at baseline study, and age and profession at follow-up study (Gautrin et al. 2001) , the short follow-up period in our study could not have fully disclosed the prevalence of these allergy-like symptoms. Secondly, we found signiWcant positive associations between any types of allergy-like symptoms (respiratory, dermal, nasal, and ocular symptoms) at follow-up and the baseline and follow-up questionnaire items. After adjustment, any types of allergy-like symptoms were signiWcantly related to female gender. Additionally, after adjustment for potential confounders, a signiWcant association was found between family history of atopic diseases (BA, AR/PA, or AD) at baseline study and allergy-like symptoms.
Thirdly, we found several signiWcant positive and inverse associations between any types of work-related allergy-like symptoms (respiratory, dermal, nasal, and ocular symptoms) and the baseline and follow-up questionnaire items. After adjustment, work-related allergy-like symptoms were signiWcantly related to personal history of atopic diseases (BA, AR/PA, or AD) at baseline study. This strongly suggests that atopy is a concrete predictor of work- related allergy-like symptoms. In addition, the signiWcant association between CAP positivity for mites and Japanese cedar and work-related allergy-like symptoms supports this Wnding.
We found that the history of eczema caused by rubber gloves, metallic accessories, e.g. earrings and wrist watches, and cosmetics, such as shampoos, soaps, hairdressings, and so on, in the baseline study lead to work-related allergy-like symptoms. Our subjects of baseline study were 4th grade medical students, and they had already been exposed to surgical gloves allergen and a variety of chemical substances during the experiments of medical school classes and the practice of human anatomy, besides allergens in daily use goods. In Japan, it was legally enacted in 1999 to provide the information about risks of latex allergy for users through the accompanying documents of medical materials. Before 1999, a great deal of latex gloves circulated on the market. It seems that part of our study population started to use latex gloves from their junior high school or high school days. About two-thirds of follow-up respondents have already worked as medical doctors on 1999 and have been exposed to latex in the work place. In addition, it was possible that remaining one-third of follow-up respondents have also been occupationally exposed to latex after 1999. In 2006, the guideline for safety measures to latex allergy was laid down for health care workers, patients, and allied company's workers. In addition, cosmetic products contain many allergens such as para-phenylenediamine (PPD), preservatives, fragrance mix, and formaldehyde (Laguna et al. 2009 ). Therefore, based on pre-existing sensitisation to these allergens, the work-related allergies may frequently appear among doctors exposed to one or several allergens in the work environment.
Employment in the surgical profession was signiWcantly associated with work-related allergy-like symptoms. This Wnding coincides with the result of our previous cross-sectional study (Sato et al. 2004 ) conducted in another population of doctors.
There was no association between work-related allergylike symptoms and gender, age, or total work duration. Female gender was signiWcantly associated with workrelated allergy-like symptoms (OR = 2.25, p = 0.022) in the univariate analysis, but this association disappeared after adjusting, implying the existence of confounders. Work duration was not signiWcant either in univariate or multivariate models. In our descriptive analysis, the percentage of doctors with work-related symptoms rose within the Wrst 2-3 years of their career and reached a plateau after that. Partly, this insigniWcant association seems to be come from a small number of the respondents with work-related allergy-like symptoms, or alternatively, there might be a plateau present in the incidence increase of work-related allergy-like symptoms.
Our study has some limitations. Firstly, since this was a questionnaire-based study, all the data concerning the medical history were founded on self-reported contents. Since the Wndings can be perceived to be advantageously to the study population, the quality of answers in terms of accuracy was expected to be uniformly higher than general population.
Secondly, the response rate to the follow-up questionnaire was low (48.0%), despite the replacement questionnaires and reminder letters. The possible reasons are that doctors are busy and tend to change address frequently. Compared with the respondents, a percentage of current or ex-smoker of non-respondents was signiWcantly higher. For this reason, smoking status might not be related to workrelated allergy-like symptoms in our results. With respect to other variables, there were no signiWcant diVerences between the respondent group and the non-respondent group. Thus, 'loss to follow-up' bias is likely minimal.
Thirdly, many respondents were excluded from the current multivariate logistic regression analysis due to inconsistent and/or incomplete answers to the follow-up questionnaire. Therefore, our results might be aVected by the recall bias. With respect to variables, gender, age, smoking status, profession, personal history of allergic diseases, and so on, there were no signiWcant diVerences between the included group and the excluded group. Therefore, selection bias, such as responding tendency of doctors who were interested in allergies, is minimal.
Finally, the respondents with long work duration were few in number. Among eligible respondents, 65 of 259 (25.1%) were doctor-in-training and 111 of 255 (43.5%) were with less than 3 years of experience. We assume that this partly leads to a comparatively low prevalence of work-related allergy-like symptoms as a whole.
Conclusion
The present study provides new information on the risk factors associated with work-related allergy-like symptoms in medical doctors. We shed light on the signiWcant associations between work-related allergy-like symptoms and atopy, personal history of eczema caused by common goods, history of keeping domestic animals, and employment in the surgical profession. Thorough risk management is warranted for doctors in the medical work place, in living environment, and their lifestyle from school days. With respect to prepared food consumption, an inverse association was found with work-related allergy-like symptoms.
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